 It is essential to remove 4-chlorophenol (4-CP) from solution. In this research, the activated carbon (PAC) was prepared from peanut husk by (NH 4 ) 2 HPO 4 activation and its adsorption property toward 4-CP was presented. Several experimental factors like initial pH, common salts concentration, contact time, solution temperature were evaluated. Solution pH within 2-6 was in favor of adsorption and common salts had slight effect on adsorption quantity. The adsorption capacity was up to 89.4 mg g -1 and the process was exothermic. Langmuir model and Freundlich model were used to fit the adsorption equilibrium data and both can better predict the process. 4-CP-loaded PAC can be regenerated by 0.1 mol L -1 NaOH. It was concluded that PAC be good adsorbent to remove 4-CP from solution.
INTRODUCTION
Phenol and phenolic derivatives have been extensively used in the manufacture of pharmaceuticals, paint, insecticides, leather, fungicides, plastic and cosmetics and the pesticide [1] . Chlorophenols have been designated as priority pollutants due to ubiquitous features in environment and high toxicity even in trace amount. Furthermore, they are refractory pollutants. Various purification technologies have been reported to keep waters free form phenol and substituted phenols. Among these technologies, adsorption is an effective method for the removal of phenolic compounds because of economic feasibility and simple implementation [2] . Currently, commercial activated carbon has been widely used in adsorption process because of its vast surface area and great affinity for organic compounds. However, tedious procedures of preparation, high cost and inevitable regeneration may restrict widespread applications in wastewater treatment. So attention has been focused on low-cost materials (such as agricultural byproducts) as precursors to prepare activated carbon. There are several papers to review relative works [3, 4] . Peanut is an oil plant which is extensively cultured in China and peanut husk is an abundant and inexpensive agricultural by-product. Most are discarded or set on fire. These disposals must result in environmental pollution. So natural peanut husk (PH) has been used as an adsorbent in removing heavy metals [5] and dyes [6, 7] from solutions. Nevertheless, the direct utilization of raw agricultural by-products will release much soluble organic compounds like cellulose, pectin etc. Consequently, surface modification is necessary to overcome these problems and enhance their adsorption capacity.
In this study, 4-chlorophenol (4-CP) was selected as target object and peanut husk was activated by (NH 4 ) 2 HPO 4 at 450 ℃ and activated carbon (PAC) can be obtained. The characterization was presented and adsorption equilibrium of activated carbon was performed.
MATERIALS AND METHODS

Materials.
The peanut husk used in the present investigation was obtained from the local countryside. The collected materials were washed with distilled water several times to remove all the dirt particles. The washed material was dried in an oven at 373 K for a period of 12 h and then ground and screened through a set of sieves to get the geometrical sizes (40 to 60) mesh. Then, PH was soaked in 20% (NH 4 ) 2 HPO 4 solution with an impregnation ratio of 1/6 (W/V) to 24 hrs. Then it was put in oven furnace and heated 60 min at 450 ℃. After cool, the activated product was then washed with HCl solution (V/V 1/10) solution (90 ℃ and 2 h) and deionized water until the pH of the washing solution reached 6-7, dried at 105 ℃ and PAC was obtained and stored. The yield of PAC was 80.1% (average of 3 times).
Characterization of PAC: surface area 499.9 m 2 g -1 (PH less 5 m 2 g -1 ), acidic functional group 1.57 mmol g -1 , pH of zero charge point 7.0. SEM analysis showed that PAC had cavities on their external surface and was roughly texture with heterogeneous surface.
The 4-CP was purchased from Luoyang Chemical Corporation in China. Solutions of 4-CP were prepared to some desired concentration. The initial pH of the working solution was adjusted to the required value by addition of 1 mol L -1 HCl or NaOH solution before mixing with the adsorbents to study the effect of pH and the uptake pH was assumed constant during other experiments.
Methods. Adsorption experiments were carried out in a rotary shaker at 100 rpm using 50 ml shaking flasks containing 20 mL of desired 4-CP concentrations with 0.014 g of PAC. The experiments were carried out at 293, 303 and 313 K in a constant temperature shaker bath. After shaking the flasks for predetermined time intervals, the samples were withdrawn from the flask and then filtered. The left out concentration in the supernatant solution was analyzed using a Uv/Vis-3000 spectrophotometer at 225 nm. Each experiment was repeated three times and the results given were the average values.
The data obtained in batch studies was used to calculate 4-CP uptake quantity. The quantity of dye loaded onto unit weight of PAC (q t or q e , mg g -1 ) was obtained using the following expression:
where C 0 is the initial 4-CP concentration (mg L -1 ), C is the 4-CP concentration at any time t or equilibrium (mg L -1 ), V is the solution volume (L), and m is the mass of PAC (g).
To evaluate the reusability of PAC, the regeneration and re-adsorption of 4-CP studies were conducted for three consecutive cycles. Adsorption-desorption experiments were carried for the desorption solvent (20 mL 0.1 mol L -1 NaOH) to three cycles.
RESULTS AND DISCUSSIONS
Effect of solution pH on adsorption quantity The aqueous solution pH played a significant influence on the adsorptive uptake of 4-CP as it can affect the surface binding sites of the adsorbent and the ionization process of 4-CP molecule. The effect of solution pH was investigated between 2 and 12 and the results were displayed in Fig. 1 .
It was seen that the solution pH affected adsorption quantity (q e ). The values of q e changed little in the range pH value of 2.0-6.0 and adsorption quantity was to 64.2 mg g −1 . When the value of pH was from 6 to 12, the adsorption quantity decreased with some extent. This showed that it was not in favor of adsorption at basic condition as 4-CP was dissociated and existed in anionic form and there was negative charge of PAC surface at pH over 7.0. So there was repulsive force between 4-CP and adsorbent and adsorption quantity became smaller.
Effect of NaCl concentration on adsorption quantity There was commonly higher salt concentration in wastewater containing pollutants and effects of common salts are of some importance in the study of adsorbates onto adsorbents. Fig. 2 showed the effect of various NaCl and CaCl 2 concentration on the values of q e . From Fig. 2 , it was seen that values of q e changed little with the increase of salt concentration. This result implied that PAC can be used to remove 4-CP from practical effluents containing common salts. 
Effect of contact time on adsorption quantity
The results of adsorption quantity per gram PAC (q t ) at different contact time (t) were shown in Fig. 3 . From  Fig. 3 , a two-stage kinetic behavior was evident: a rapid initial adsorption over 100 min, followed by a longer period of much slower uptake 450 min and gradual equilibrium time. The first phase was the instantaneous adsorption stage or external surface adsorption. The second phase was the gradual adsorption stage and finally 4-CP uptake reached equilibrium. The adsorption quantity was up to 63. 3 Effect of time on adsorption quantity of 4-CP onto PH surface was also shown in Fig. 3 . In was observed that adsorption quantity of toward 4-CP was significantly enhanced by (NH 4 ) 2 HPO 4 activation through heating.
The effect of equilibrium 4-CP concentration on adsorption quantity
The effect of the equilibrium concentration of 4-CP in the solutions on adsorption was shown in Fig. 4 (adsorption isotherm). As seen from Fig. 4 , equilibrium uptake increased with the increasing of 4-CP concentrations at the range of experimental concentration. This was a result of the increase in the driving force the concentration gradient. It was also found that there was highest adsorption quantity at 293 K and it was in favor of adsorption at lower temperature. So the system was exothermic process. The adsorption quantity was up to 89.4 mg g -1 at 293 K. The equilibrium isotherm is significant to design and optimize the adsorption system for the removal of adsorbate from wastewater. Both common adsorption isotherm equilibrium models, Langmuir model and Freundlich model, were used for the analysis of the PAC-4-CP adsorption system. Two models are expressed in the following.
Langmuir Isotherm model [8] :
Freundlich isotherm model [8] :
where K L and q m are constants related to affinity of the binding sites (L mg −1 ) and adsorption capacity (mg g −1 ) respectively; 1/n and K F are the Freundlich constants related to adsorption intensity of the adsorbent and the adsorption capacity, respectively.
The parameters of two models and determined coefficients were listed in Table  1 using nonlinear regressive analysis. The fitted curves were also presented in Fig.  4 . It was observed from Table 1 that there were higher values of R 2 and lower values of x 2 for both model, this implied that both models can be applied to fit the adsorption equilibrium process. Furthermore, fitted curves from Freundlich model were more close to experimental curves (seen in Fig. 4 ). So Freundlich model was better to predict the equilibrium process. The obtained values of 1/n F (0.1<1/n F <0.5) indicated a higher ability of 4-CP adsorbed onto PAC at experimental conditions [9] [10] [11] . From Table 1 , parameters of the adsorption capacity (q m ), the values of K L and values of K F decreased with the increase of temperature while the decreased during temperature and values of 1/n F was opposite.
Regeneration of exhausted PAC Regeneration of saturated adsorbent was crucial to evaluate the reusability of the adsorbents and to elucidate the mechanism of adsorption [12] [13] [14] . In this work, 0.1 mol L -1 NaOH solution as desorption agent was tested in batch system. Regeneration efficiency was 74.5, 68.7, 62.3 % during three adsorption-desorption cycles. This showed that adsorption quantity significantly decreased after regeneration.
SUMMARY
On the base of the study, the following results can be drawn: a. Adsorption quantity of PH toward 4-CP was significantly enhanced after (NH 4 ) 2 NaOH solution.
